Turgor pressure in individual sieve tubes was measured directly by gluing capillary micromanometers over exuding aphid stylets with cyanoacrylate adhesive. Pressures of up to 10 bars were measured in sieve tubes of Salix babylonica, with an estimated accuracy of ± 03 bars or better.
Sieve tube turgor plays a central role in the physiology of phloem transport. Movement of solutes along the sieve tubes is almost certainly driven by osmotically generated pressure flow (3, 6, 10) . Measurements of the turgor pressure are needed to estimate this driving force and its variation under different conditions. Also, although the evidence is fragmentary, several observations support the suggestion by Peel and Hoad (13) that turgor pressure may play an important role in the regulation of solute movement into and out of the sieve tube. This conjecture was based on their observation that stylet exudation continued at a constant rate during reciprocal variations in sucrose and K content, on similar reciprocal variations in sucrose and total amino acid content observed in 1955 by Hill (cited by Peel and Hoad [13] ), and on reversible changes in exudate concentration produced by varying the xylem water potential by pressurization and by osmotica (15) . More recent work concerning the role of turgor pressure in osmoregulation, particularly in marine algae (reviewed by Hellebust [5] ), emphasizes the potential importance that similar processes might play in sieve tube physiology.
Several approaches have been taken to the measurement of sieve tube turgor. As with most plant cells, estimates are often calculated from the difference between water and solute potentials. Such calculations have yielded values ranging from 1 to 15 bars (e.g. 3, 7, 16) . A somewhat more direct approach has been to calculate the turgor from the exudation rate from severed aphid stylets, using Poiseuille's equation. This method has yielded values ranging from 8 to 40 bars (1, 11, 16, 19) , but is fairly inaccurate, since the channel is tapered (11) proportional to the fourth power of its radius. In 1968, Hammel (4) introduced a "phloem needle" technique for the direct measurement of sieve tube turgor and found pressures ranging from 7 to 24 bars at various heights in a red oak tree. Sheikholeslam and Currier (17) used Hammel's technique to measure sieve tube turgors of 0.3-10 bars in the squirting cucumber, Ecballium.
The above techniques suffer various shortcomings. The first two are indirect and may be fairly inaccurate, while the phloem needle technique destroys the sieve tubes, allowing only a single measurement. The method presented in this report allows the direct measurement of sieve tube turgor over extended periods of time in intact, functioning sieve tubes.
MATERIALS AND METHODS
Colonies of the willow aphid (Tuberolachnus salignus Gmelin) were maintained on weeping willow saplings (Salix babylonica L.) in a growth chamber on a 17-h photoperiod with 340 ,tE m-2 s-1 illumination (400-700 nm). Day temperature was 25 C and night temperature was 20 C.
Plants used for turgor measurements were well established saplings, 2-3 m in height, rooted in large pots of soil, and grown in a greenhouse under a natural photoperiod. Turgor measurements were made in the laboratory, during which time illumination was provided by normal fluorescent room lights (about 40 ,uE m-2 s-'). A number of aphids were transfered to the cutting and, after they had begun to produce honeydew several hours later, they were anesthetized with CO2 and their stylets were cut with a razor blade fragment. A water droplet was placed around the stylet to prevent the exudate from becoming too viscous.
The There were no apparent toxic effects of the adhesive. Stylet exudation continued after many experiments that lasted for several hours. While exudation frequently stopped, this did not seem to be more frequent than with stylets on stems not exposed to the adhesive. In several experiments with castor bean (data not presented), using mealybug stylets, anthocyanin-containing cells were clearly visible under the adhesive, but appeared unaffected (i.e. retained their anthocyanin) after several days. In one instance, exudation continued from a broken manometer for more than a week.
In all cases but two, the values of the turgor pressures calculated from the difference between the water potential and the solute potential (calculated from the RI) were less than that measured by the micromanometer. The RI measurements always indicated a higher solute concentration than did the sucrose assays. Owing to its simplicity and directness, we regard the manometrically obtained turgor values as much more accurate than the calculated values of turgor. The cause of the discrepancy probably lay in our inability to measure directly a colligative property of the exudate. The addition of the components of water potential in sieve tubes has been satisfactorily demonstrated by Hammel (4) , who determined osmotic potentials by cryoscopy. RIs have been used previously by others to obtain reasonably accurate measurements of sugar concentrations, including stylet exudates from willow (19). Using exudate from an incision in a large weeping willow tree in the field, we found agreement between the solute potential measured directly by thermocouple psychrometry and the calculated values from RI and sucrose measurements. However, the amino acid (8) and potassium contents (13, 19) of willow exudate can vary considerably. Reported values for K have been as high as 2% (w/v) (14) . Hence we pooled some stylet exudates from our plants and measured the molar ratios of sucrose, amino acids, and K. The ratios were 3.5 mol sucrose/1.4 mol ofglutamine equivalents. I mol K. A solution of these solutes at these molar ratios, containing the same sucrose concentration as in the pooled exudate sample, had the same RI, within experimental error, as the pooled
